The Florida Gap (Fl-Gap) project provides an assessment of the degree to which native animal species and natural communities are or are not represented in existing conservation lands. Those species and communities not adequately represented in areas being managed for native species constitute`gaps' in the existing network of conservation lands. The United States Geological Survey Gap Analysis Program is a national effort and so, eventually, all 50 states will have completed it. The objective of Fl-Gap was to provide broad geographic information on the status of terrestrial vertebrates, butter¯ies, skippers and ants and their respective habitats to address the loss of biological diversity. To model the distributions and potential habitat of all terrestrial species of mammals, breeding birds, reptiles, amphibians, butter¯ies, skippers and ants in Florida, natural land cover was mapped to the level of dominant or co-dominant plant species. Land cover was classi®ed from Landsat Thematic Mapper (TM) satellite imagery and auxiliary data such as the national wetlands inventory (NWI), soils maps, aerial imagery, existing land use/land cover maps, and on-the-ground surveys. Wildlife distribution models were produced by identifying suitable habitat for each species within that species' range. Mammalian models also assessed a minimum critical area required for sustainability of the species' population. Wildlife species richness was summarized against land stewardship ranked by an area's mandates for conservation protection.
Introduction
Florida is a state with diverse and unique species and landscapes. Its geographic position, spanning latitudes from temperate to semi-tropic climates, plays a major role in shaping its biotic assemblages. Florida is mainly a large peninsula of North America that extends about 650 km between the Atlantic Ocean and the Gulf of Mexico. These relatively warm climatic in¯uences create humid Even the central portions of the peninsula and panhandle are in¯uenced by tropical conditions through southerly wind patterns.
Anthropogenic disturbance from population growth is threatening the existence of some Florida ecosystems and the sustainability of many others. Between 1960 and 2000, the population of the state more than tripled. In the decade between 1990 and 2000 the population of Florida increased by more than 3 million. (Bureau of Census, 1960; Bureau of Census, 1990; Bureau of Census, 2000) . The Federal government owns only about 9% of Florida's landmass with state and other government entities owning very small amounts of land. The rest is privately held.
Expanding human habitation comes at the expense of natural habitat. It has resulted in habitat loss, fragmentation, con¯ict over water needs and use, and increasing recreational pressures on the ecosystems. When the Florida Fish and Wildlife Conservation Commission published the ®rst statewide analysis of land covers, wildlife distributions and areas needing conservation protection in 1994 (Cox et al., 1994) , less than 10% of the State's historical longleaf pine natural community remained, and less than 5% of the State's rare pine rocklands natural community remained. Florida is still diverse in both plants and animals, but the persistence of habitats will depend on better and scienti®cally based planning for both resources and growth together with conservation action.
The mission of the US National Gap Analysis Program (Gap) is to mitigate wildlife conservation problems by`providing an assessment of the essential biotic elements (plant communities and native animal species) and to facilitate the application of this information to land management activities' (Scott et al., 1987; Scott and Jennings, 1994) . Gap analysis relies on maps of dominant natural land cover types as the most fundamental spatial component of the analysis (Scott et al., 1993) for terrestrial environments.
Methods

Land cover classi®cation
Land cover was classi®ed to an aggregation of the National Vegetation Classi®cation Scheme (NVCS) (The Nature Conservancy, 1997) . The NVCS is an ecologically based, hierarchical classi®cation that treats all existing terrestrial vegetation types in one system. The Nature Conservancy (TNC) and the Natural Heritage Network (Grossman et al., 1994) have been improving upon this system. The basic assumptions and de®nitions for this classi®cation system have been described by Jennings (1993) . The basis for aggregating of the NVCS for Gap analysis in the Southeast United States is presented in Pearlstine and McKerrow (1999) .
Classi®cation was accomplished using 1992±94 Landsat Thematic Mapper (TM) satellite imagery and auxiliary sources of data as described below and in Figure 1 . The classi®cation approach involved preparation and transformation of the imagery, strati®cation, and iterative, unsupervised classi®cation. Most of the scenes used to cover the state of Florida are from the winter of 1993 or spring 1994. Images for two of the scene areas were available from both spring and winter, and so were used in a multi-temporal analysis to aid the classi®cation.
Water Management District land use/land cover maps were overlaid onto the satellite images to check the geometric consistency of the images. If positional errors were present, an af®ne transformation and nearest-neighbor resampling were used to co-register the imagery with the land use/land cover maps.
Atmospheric haze existed in borne of the images and was removed in the pre-processing stage of the image processing. Crist et al. (1984) presented a technique that we used for minimizing the effects of haze by subtracting the image from the fourth spectral band of a tasseled cap transformation. The tasseled cap transformation's fourth band corresponds with haze features present in the image and has little or no effect on portions of the image where haze is not present.
The ®rst three spectral bands of the tasseled cap transformation correspond to`brightness',`greenness' and`wetness' in the image and have been shown to be effective for improving classi®cation results (Crist, 1984) . These three transformed bands and bands 2, 3, 4, and 5 of the original TM image were combined for the ®nal image used for classi®cation.
For the two scenes with spring and winter images, the images were co-registered and normalized before being combined. Normalization was necessary to correct for differences in sensor offset and gain, and scene illumination. The difference in overall brightness between the images was normalized using a linear image regression process as described in the ERDAS Field Guide (ERDAS, 1999) and Jensen (1996) .
This approach is well suited for multi-temporal analysis where care must be taken not to adjust the image for the seasonal variation of vegetation.
Check Registration Against
Masking A regression model to account for these differences was created by ®rst identifying several`bright' and dark' objects in each scene and, for each band, recording the digital number (DN). The darkest pixel was assigned the DN`zero'. Examples of`dark' objects were uniform non-turbid man-made lakes and coniferous forests. Examples of`bright' objects were airport runways, large roads, beaches, and dry exposed soils.
Once these values were compiled, a linear regression model was computed with the darker of the two images (i.e., the image with the overall lower average DN for all bands and all pixels) was assigned to the x variable. No negative numbers at the pixelto-pixel level existed due to the fact that the darkest pixel's DN was set to zero. This insured that positive corrections were made such that when applied, no negative numbers resulted in the output image. For each band, a linear regression model and an associated scatter plot were computed. If the model had a correlation coef®cient (r) higher than 95% and the scatter plot did not have signi®cant outliers, the linear model was used. When outliers were detected, they were removed and the regression model was recomputed.
Urban and agricultural areas of a satellite image typically have a much wider variance of DN values that are found in natural areas. As a result, signatures describing urban and agricultural areas can often obscure or confuse discrimination of natural vegetation types. To minimize those effects, the images were strati®ed in`natural areas' and`developed areas' by masking out urban and agricultural areas with state Water Management District land use/land cover maps. Becuase these land use maps often delineatè developed' classes that contain embedded natural areas that we wanted to retain, the developed area image was classi®ed using the`ISODATA' routine in the ERDAS remote sensing software (ERDAS, 1999) . Classes that appeared to represent natural areas occurring within the developed areas were identi®ed and the spectral image under those classes was reassigned to the natural areas image.
The natural areas image was strati®ed once more before beginning classi®cation. This strati®cation took advantage of existing soils and wetlands maps to further reduce the variance of image DN values that are considered together. USDA National Soil Survey Center digital county-level soil maps were aggregated to 13 broad classes. US Fish and Wildlife Service National Wetlands Inventory maps were aggregated to 18 classes. Neither map series covered the entire state, so, depending on availability, one or the other or both were used for strati®cation over an entire scene. Using these digital vector coverages directly to mask out parts of the image would create a classi®cation with hard boundaries that are artifacts of the vector coverage rather than changes in the re¯ectance values in the image. In order to create more realistic boundaries between classes, contiguous, spectrally similar pixels were treated as a group (Figure. 2). To accomplish this, an unsupervised classi®cation was performed on the entire natural areas image, creating a classi®ed image with 50 to 80 classes. When the map used for strati®cation was laid over the classi®ed image, contiguous pixels classi®ed to the same value that fell with a majority in one strata stayed together with that strata rather than being split on the boundary line. This then became the mask to split the image into many separate natural area images, each representing the part of a single scene under one strata.
The ®nal step was the actual classi®cation of the image subscenes into labeled vegetation classes. This was an iterative process of`ISODATA' clustering and minimum distance classi®cation. Following classi®cation, labeling of the resulting classes was ®rst attempted with the assistance of ground truth information, auxiliary data sources, low altitude aerial videography and aerial digital imagery. When a class represented more than one predominate
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Patch C Figure 2 . Retention of community shape when stratifying a classi®ed satellite image by another dataset. In this synthetic ®gure, National Wetlands Inventory (NWI) mapped data is used to stratify areas as either freshwater of saltwater communities. The land cover type in Patch A is entirely within the NWI freshwater boundary. Patch B, however, falls across the NWI boundary. Because the majority of the patch is within saltwater, the whole patch is considered to be a saltwater community. Likewise, Patch C is entirely de®ned as freshwater even though part of the patch extends beyond the NWI boundary. In this fashion, the ®nal boundary between fresh and saltwater communities generally follows the drawn NWI information, but is in¯uenced by the found patterns classi®ed from the satellite image.
vegetation type, the class was further subdivided by new classi®cation just within the target class or by decision rules using auxiliary mapped data not used in the initial strati®cation. This procedure was repeated until all the classes could be identi®ed to a land cover type. The supplementation of ground survey data with aerial videography was accomplished in south Florida by the mounting of two 8 mm video recorders on a window mount in a light ®xed-wing aircraft. One of the video cameras recorded an approximately 30630 m swath along the¯ightline, often providing the resolution needed for species level identi®cation. A wider-angle lens on the other video camera recorded a swath of approximately 400 m to provide a landscape context to relationship to the zoomed-in video camera. Slaymaker (1996) provides a detailed description of the con®guration.
A GPS aboard the aircraft and differential postprocessing provided georeferenceing for the image frame that tests suggested was typically within 60 m of the true ground position. Videography was¯own in predominately east-west transects approximately every 7Á5 min of latitude from the lower Florida Keys to just south of Orlando (see Figure 3 for place locations). When the sequence of transects reached central and north Florida, a Kodak DCS 420 color infrared digital camera was substituted for the zoomed-in video camera to improve image resolution. The infrared imagery also aided in vegetation species identi®cation. Additional, real-time FM differential correction via an Accupoint receiver and a Watson Industries attitude and heading reference system reduced positional errors in the image frames to 30 m.
Prediction of animal species distributions and species richness
The purpose of the vertebrate species maps was to provide accurate information of the predicted distribution of individual native species in their geographic ranges, and to overlay individual predicted distributions to produce an overall map of species richness for Florida. Species distributions were modeled using the Environment Systems Research Institute's Arc/Info software by estimating the geographic range of each species and identifying land covers suitable for the species' habitat within its range. A re®nement of the mammalian species models was to also estimate the minimum critical areas of habitat necessary to sustain a viable population (Allen et al., 2001) .
The geographic distribution for mammals was determined by surveying sixteen state and national museums that included Florida vertebrates, as well as a review of published sources (e.g., Blair, 1935; Hamilton, 1941; Pournelle, 1950; Sherman 1953; Pearson, 1954; Starner, 1956; Chapman and Feldhamer, 1982; Layne, 1984; Humphrey, 1992) . Bird species ranges were based upon the Florida breeding bird atlas (Kale et al., in press ). Reptile and amphibian (herpetofauna) ranges were determined from a statewide occurrence database (Moler, 1999) . Butter¯y ranges were determined from Opler (1999) . Ant ranges were determined primarily from published sources, and from the unpublished data of D. P. Wojcik (1999) . Experts of the respective taxa reviewed resulting county-level range maps for each species.
Animal distribution data for the state of Florida was almost exclusively at the level of counties. Thus, our original distributions for the modeled species were made at the county-level. Using county boundaries as geographic units for species predictions would have overestimated distributions of species in cases where a species' range extended only partly into the county. To reduce this problem, and to facilitate compatibility with wildlife range coverages generated by adjacent states, the county-level distributions were joined with a US Environmental Protection Agency hexagon grid system to provide distribution coverage for each species as shown by these equal-area, 640 ha hexagonal map units. Advantages to using the hexagon grid include its equal area sampling structure, its independence from political and administrative boundaries (resulting in more consistent mapping of animal distributions), and its hierarchical structure which can facilitate increasing or decreasing grid densities in future analyses (White et al., 1992) .
Species habitat relationships were determined from extensive examination of primary literature as well as taxa-speci®c treatments and unpublished reports. These sources are available on the Florida Gap Analysis Project web site: http://www.wec. u¯.edu/coop/Gap. Sources sometimes presented contradictory statements concerning wildlife relationships of particular species. In these cases we used the sources most proximate to or in Florida over other sources, and more recent sources over older sources. Habitat use data for each species was then used to build a species-by-habitat matrix for each taxa (mammals, birds, herpetofauna, butter¯ies and ants). These matrices recorded predicted the presence or absence of each species in the 71 land cover types that make up the Florida land cover map.
In addition, listed species and non-indigenous species were assigned codes speci®c to their status. Listed species included species that were`listed' as state or federally endangered, threatened or species of special concern (Florida Game and Fresh Water Fish Commission, 1997). This allowed for comparison of patterns of species richness among listed species, secure native species, and non-indigenous introduced or invasive species.
Predicted species models that are based primarily upon habitat (land cover classes) fail to incorporate many of the basic ecological characteristics of those species. One issue is that home range sizes of animals occupying the same landscape may vary by several orders of magnitude. For example, the home range of the golden mouse (Ochrotomys nuttali) in the southeastern United States is approximately 0Á50 ha. In contrast, the home range of the striped skunk (Mephitis mephitis) may exceed 300 ha, and the home range of the Florida panther (Felis concolor coryi) may exceed 50 000 ha.
If these species co-occurred in a given favorable land cover class with an extent (patch size) of 1000 ha, embedded in a matrix of unfavorable habitat, mapping all three species as present may not re¯ect the more speci®c life history characteristics of each. A Florida panther could not maintain a viable population in a habitat patch of 1000 ha, and the area requirements for a population of striped skunks would only be marginally met. However, 1000 ha would encompass a viable population of most species with small home ranges. On high-resolution maps, commission errorÐthe chance of erroneously including an animal in a habitat that cannot support itÐare likely to be high when creating species models based simply on species-habitat associations. With this in mind, we incorporated information on the home range of the mammals of Florida to estimate minimum critical areas needed to support minimum viable populations for each mammal species (Allen et al., 2001) . Incorporating home range should increase the accuracy of species models by reducing the commission error rate.
The home range and dispersal distances of terrestrial Florida mammals were determined from extensive literature reviews. We preferentially used estimates from studies in Florida, but where home range or dispersal estimates speci®c to Florida were not available we used estimates from nearby locations. Home range estimates were used to calculate the area required to support a minimum viable population. For our purposes, we crudely de®ned MVP as being equal to 50 individuals, the estimated minimum number of individuals necessary to persist despite demographic stochasticity (Shaffer, 1981) . Note that we do not assume that 50 is the`real' minimum viable population size for mammals, nor that a species' minimum viable population can be precisely de®ned throughout its range, rather we chose this as a conservative value. Multiplying home range estimates by 25 calculated the minimum critical area required to support a minimum viable population for each species of 50 individuals dividing by two. Halving the number we multiply home range estimates by accounted for intersexual overlap among home ranges. Inter and intra-sexual home range overlap varies considerably among species; we chose complete overlap between sexes to produce conservative comparative models. No attempt was made to determine minimum critical area or dispersal distances for bat species.
Land stewardship
GIS boundaries and attributes for the stewardship of Florida conservation lands were provided by the Florida Natural Areas Inventory (FNAI). FNAI identi®es as conservation lands any property that has a signi®cant portion of its land area undeveloped and that has a professional manager or managing agency capable of protecting important elements of ecological diversity. Additionally, the land will have a legal mandate to manage and protect important ecological resources, even if that mandate is not the primary mission of the agency. Therefore, certain parks such as historical parks that do not have signi®cant natural areas are not considered a conservation land. Likewise, military installations, which have a primary purpose of national defense but are also mandated by federal action to protect important natural resources, are considered a conservation land.
FNAI staff also produced the GAP protection status rankings for each area in the land stewardship database following the criteria of Scott and Jennings (1994) . The four classes in the GAP protection status rankings are de®ned in Table 1 . Information used to develop the GAP protection status was mostly derived from the legal requirements of different land management categories (e.g., national forests are legally mandated to manage by multiple use, which lessens the protection a national forest affords biodiversity, versus national parks are which mandated to protect natural systems, which ensures that the protection of biodiversity is given highest priority). FNAI augmented this approach and also used FNAI's knowledge of the speci®c management activities on conservation lands to tailor the protection status to the current management activities on-site. Table 2 presents the frequency of occurrence of each land cover type for the state of Florida in square kilometers, and percent of the state's total area represented by the mapped type. The majority of Florida is in Mesic-Hydric Pine Forest land cover (18%), forested swamp (14%) or agriculture (23%, including pasture). The agricultural land use is primarily converted pinelands. The proportion of Mesic-Hydric Pine Forest that is in plantation farming was not determined. The combined forested swamp classes are Tropical/subtropical Swamp Forest, Bay/Gum/Cypress, Loblolly Bay Forest, Swamp Forest, and Cypress Forest. Xeric shrub, Sandhill and sand pine comprise another 4% of the state, urban classes and freshwater marsh, primarily in southern Florida, contribute another 8% each to the state's land covers. The small percentages of each of the individual land cover classes listed in Table 2 are indicative of the heterogeneity of Florida's landscape. Because 71 classes are dif®cult to present in a ®gure, Figure 3 is a nineteen-class aggregation of the ®nal land cover classi®cation. Land stewardship boundaries are overlain to illustrate the patterns and extent of land cover diversity in conservation holdings. Table 3 summarizes the proportion of the state within each of the protection status areas.
Results
Land cover mapping
As would be expected because of the low proportion of the state in status 1 protection, none of the state's land covers have a high percentage of their area contained within these categories. Status 2 lands, on the other hand, contain a high proportion of the state's mangroves, sawgrass marsh, and muhly marsh because of their occurrence in the south Florida everglades parks and preserves. Sandhill, wiregrass, sand pine, mesichydric pine, mixed pine/oak, forested swamplands of north and central Florida, and the dry prairies of mostly south central Florida are poorly represented in status 2 lands. These same classes are associated with the highest concentrations of species richness in Florida. Most of these classes are better represented within protection status 3 lands.
Species richness
Species richness for mammals, breeding birds, reptiles and amphibians, butter¯ies, ants and all species combined are shown in Figures 4±9 . Land stewardship boundaries are overlain on each ®gure.
Mammals
The pine/oak and sandhill communities in the panhandle of Florida potentially support the highest diversity of mammals (Figure 4 ). The GAP status 3 lands in Eglin Air Force Base, Withlacoochee State Forest and Ocala National Forest, are characteristic of this communities. Sand pine, mesic pine, swamp forest and cypress in the panhandle through central Florida follow closely behind with species counts in the low thirties. In broad general terms, potential mammal species richness varies along a north±south gradient, and is highest in northern Florida and lowest in southern Florida. This pattern probably is indicative of a decrease in available habitat types, rather than a peninsula effect.
In southern Florida, the highest species richness is in southern Florida slash pine, dry prairie, swamp forests, and pine rocklands where the maximum number of mammalian species is in the low twenty's. These areas include lands in and around Avon Park Bombing Range, Fakahatchee Strand State Preserve, and lands north of the Caloosahatchee River. An area having permanent protection from conversion of natural land cover and a mandated management plan in operation to maintain a natural state within which disturbance events (of natural type, frequency, and intensity) are allowed to proceed without interference or are mimicked through management.
Status 2
An area having permanent protection from conversion of natural land cover and a mandated management plan in operation to maintain a primarily natural state, but which may receive use or management practices that degrade the quality of existing natural communities.
Status 3
An area having permanent protection from conversion of natural land cover for the majority of the area, but subject to extractive uses of either a broad, low-intensity type or localized intense type. It also confers protection to federally listed endangered and threatened species throughout the area.
Status 4
Lack of irrevocable easement or mandate to prevent conversion of natural habitat types to anthropogenic habitat types. Allows for intensive use throughout the tract. Also includes those tracts for which the existence of such restrictions or suf®cient information to establish a higher status is unknown. 
Birds
Median bird diversity as modeled is between 52 and 56 species. Bird species richness is highest in swamp forests, pasture, agriculture and urban classes. Because our interest is primarily in species richness within natural areas, Figure 5 illustrates bird species richness when urban and agriculture other than pasture/grassland are excluded. All forested classes are associated with high counts of bird species though the swamp forest classes (including cypress and bay) are signi®cantly higher than other forest land covers. As with the mammals, there is evidence of decreasing richness along a north±south gradient. An exception to this gradient is an area of high avian richness in extreme southwestern Florida.
State and federal lands such as Eglin Air Force Base, Withlacoochee State Forest, Osceola National Forest, Apalachicola National Forest, Fakahatchee Strand State Park, and Big Cypress National Preserve provide habitat for a high diversity of avian species. Unprotected areas of avian diversity, in order of species richness, exist along both coasts of north Florida, east central Florida, and the pasture lands of the Immokalee Rise (southwest Florida) and north of the Caloosahatchee River.
Reptiles and amphibians
The highest modeled richness of reptiles and amphibians is associated with open water, swamp forests, and sandhill land covers. Species diversity for hepetofauna is highest in the panhandle and decreases in central and southern Florida, mirroring the broad pattern displayed by the other vertebrate taxa. High richness habitats in central to northern Florida support 40 to species. In southern Florida, the maximum species richness is in the mid-thirties. Figure 6 presents reptile and amphibian species richness for all land covers excluding anthropomorphic (crops and urban) development. Eglin Air Force Base, Apalachicola National Forest, and the Big Bend Wildlife Management Area are examples of some of the highest reptile and amphibian diversity in protected areas. The bottomland and wet forested areas of the Gulf Coast appear to provide the best opportunities for additional protection of species richness.
Ants
Across the Florida peninsula, potential ant species richness, like vertebrates, displays a pattern of highest richness to the northern and decreasing richness towards the southern peninsula. This is probably due to decreasing habitat diversity and an increasing prevalence of saturated and inundated habitat types. Species composition also changes across this gradient, with an increasing prevalence of species of West Indian origin in southern Florida concomitant with a decreasing important of species of Northern American origin.
Modeled ant species richness in southern Florida is highest in the pine rocklands, southern Florida slash pine, and tropical hardwoods. Pine communities continue to be an important habitat for ants in central and northern Florida. The sand pine and pine/oak land covers in northern Florida are suitable habitat for the highest numbers of ant species in the state (Figure 7) .
The highest modeled ant species richness is within the xeric central Florida sandhill and sand pine communities protected by Ocala National Forest and Withlacoochee State Forest. The highest unprotected diversity is in the forested land covers of north Florida. In particular, the lands between and adjacent to Ocala National Forest, Camp Blanding Military Reservation and Paynes Prairie State Preserve.
Butter¯ies and skippers
Butter¯ies and skippers are the only group modeled that have the highest diversity in southern Florida. The Everglades and Big Cypress National Preserve are suitable habitat for 40 to 50 butter¯y species. Everglade's marsh north of Timiami Trail has species richness counts as high as 56. Maximum species richness in northern Florida is in the teens, except for graminiod marsh land covers where the number of butter¯y species can be in the thirties and even the sixties in restricted small areas (Figure 8) .
At the state level, areas of high butter¯y diversity all appear to be within the con®nes of conservation lands. The largest areal extent is in south Florida with smaller pockets of high species richness in central Florida and at the mouth of the Apalachicola River.
All species combined
Total species richness (mammals, birds, reptiles, amphibians, ants, and butter¯ies combined) is presented in Figure 9 . Overall richness of all taxa mapped follows a north±south gradient, with highest richness in the north and decreasing richness southward. Highest species richness is associated with swamp forest and sandhill land covers. In southern Florida, pine communities provide habitat for the largest number of species. Species richness overall follows the pattern of most of the individual groups, with highest diversity in the panhandle of Florida.
Status 1 conservation lands have a very high diversity of species, but because of their small extent, the species all represent a tiny proportion of the state's distribution. The occurrence of species within the differently ranked conservation lands closely re¯ects the relative proportion of the status category in the state. 
Discussion
The FL-GAP project provides a tool for setting priorities for biodiversity conservation. This type of information can be used to assist in prioritization of land acquisition, restoration, and management actions as well as evaluating the potential effects of development and other changes in land use. Application is most relevant at regional levels given the broad scale patterns of vegetation and potential habitat distributions for a large number of species the technique employs. The land cover classi®cation provides a regional perspective of land cover patterns, juxtapositions and occurrences in the landscape. Use in smaller scale applications should be limited to analyses of parcel context within the regional landscape. We recommend that application in any project smaller than regional scale be carefully reviewed and revised appropriate to the scale required for the objectives of the project.
Because all of the terrestrial vertebrates of the state have been mapped along with two invertebrate groups, these products offer natural resource managers a tool for multi-species protection relevant to allocation of land resources. Potential habitats in the spatial databases can be used to distinguish species communities by identifying species sharing the same habitat requirements or species sharing a common area, perhaps within a matrix of diverse habitats. The US Fish and Wildlife Service in south Florida, for example, is using the FL-GAP models to help answer questions about how protection of potential habitat for individual T&E species can contribute to the protection of potential habitat for all other terrestrial vertebrates. While these models are not intended for evaluation within small, site-speci®c projects, intelligent ecological restoration and permitting requires spatially-explicit knowledge of conditions proximate and regional to project sites. Species often are dependent on habitat areas larger than those impacted by a single project (Gosselink et al., 1990) and the spatial patterns of habitat adjacent to a speci®c site may as important as the within-site habitat (Pearlstine et al., 1997; Saunders et al., 1991) . Examples include determination of areas suitable for viable and sustainable populations (habitat and risk assessment), areas of socioeconomic and environmental con¯ict, and optimization of development footprints to protect natural systems.
An alternative to the species-habitat models used in FL-GAP are occurrence models that select habitat based on areas of known species occurrence. These two forms of habitat modeling are complimentary. When results of the two approaches are compared, areas of overlap provide robustness to the analysis, while areas of little or no overlap will indicate limitations in the data layers or areas where additional information is needed to better model the species. Areas of the species-habitat models that do not overlap with occurrence data may also draw attention to potential areas for species reestablishment. In Florida, both the Florida Fish and Wildlife Conservation Commission and The US Fish and Wildlife Service are involved in species reestablishment activities.
We expect that the FL-GAP models overestimate the spatial extent of most species' distributions. The vertebrate, butter¯y, and ant habitat-af®nity models rely on associating the potential for a species' presence with speci®c land covers. The mammal models are re®ned to some extent by consideration of minimum contiguous area to maintain a viable population. Regardless, there are many factors in habitat selection that have purposefully not been considered because of resource and time limitations, the availability of statewide data, and/or inadequate knowledge of species response to the environmental variables. Reptiles and amphibians are an example of a group that may be responding to soil type, litter accumulation, moisture conditions and proximity to streams rather than directly to vegetation composition. Other parameters can readily be identi®ed for other species or species groups including land cover structure (such as age, height and layering of vegetation, presence of snags), and the juxtaposition of desirable vegetation cover to other desirable cover types (e.g., foraging versus nesting) or undesirable features (e.g., roads or heavy recreational activity).
Conclusions
The Fl-Gap mapping of Florida species richness clearly suggest a high diversity of most of the taxa in north Florida and in particular, the panhandle of the state. Swamp, mixed pine/oak, sandhill scrub and longleaf pine, and¯atwoods pine all contribute to the wildlife species richness of this area of the State. Additionally, for many taxa this region is an area of overlap of species with northern af®nities and species with southern af®nities. The release of ®ndings from a joint project of The Nature Conservancy and the Association of Biodiversity Information,`Precious Heritage: The Status of Biodiversity in the United States' (Stein et al., 2000) corroborates the importance of Florida panhandle biodiversity using a different approach to modeling diversity. The Precious Heritage project uses state Heritage Program data to map species richness of an area weighted by relative rarity of the species as measured by how restricted its distribution is. The analysis pinpoints the panhandle of Florida as one of the six most signi®cant areas of biodiversity in the United States.
In southern Florida, with the exception of butteries and skippers, forested classes (swamp and pine rockland) appear to support the highest diversity. In central Florida, species-rich classes include swamp, pine¯atwoods, xeric scrub, and sandhills. It is important to note that xeric scrub in the south central Florida region is underrepresented in the land cover classi®cation and resulting in lower species richness in much of this area than would otherwise be the case.
The pine¯atwood, xeric pine, and xeric scrub communities in Florida are major contributors to the species diversity of the state and are some of the most threatened because of changing ®re regimes and their suitability for development or slash pine farming. The unique pine rocklands of south Florida are threatened by exotic invasive vegetation. In northern Florida, the sandhill scrub and longleaf pine habitats of Eglin Air Force Base are protected by an aggressive natural resource management plan that includes continuing research, adaptive management, and longleaf pine ecosystem restoration. Ocala National Forest and Withlacoochee State Forest in central Florida are two additional large areas of xeric community conservation. In other areas of north and central Florida loss of these valuable upland habitats is progressing steadily.
The Fl-Gap biodiversity project has compiled a baseline for predicting species distributions and richness statewide that must now be re®ned with studies scaling from landscape analyses to onthe-ground validation. Landscape context re®nements of the species models should address issues of sustainability and resilience. Key questions that need to be answered include: (1) How much contiguous and non-contiguous habitat is required to sustain wildlife populations into the future? (2) How will con®gurations of landscape elements maintain habitat in dynamic systems impacted by natural processes such as ®re and hurricane disturbance?
(3) What factors in¯uence the process of animals moving among landscape elements? (4) How does the proximity of different land covers change the viability of selected habitats? (5) How do results of this analysis change at different scales, including grain (the minimum unit of measurement) and extent (the size of the study area and/or length of time over which it is studied)? (6) Finally, it is critical to incorporate the temporal change in the landscape for the applications to be meaningful. If we stop at conservation of current known`hot spots' of species richness, we risk great loss as dynamics in the environment shift ecological conditions. Fl-Gap is expected to be an on-going project. This report is only the ®rst iteration in a process of learning to adapt and use a new, ecologically-based National Vegetation Classi®cation Scheme to statewide mapping and apply those results as well as other appropriate mapped data sources to a measure of Florida's biodiversity and potentials for conservation.
Future iterations of GAP biodiversity measures will increasingly incorporate parameters of biological integrity and a wider range of species taxa. The experiences gained and data compiled by this and other states engaged in the US National Gap Analysis Program, increasing availability of georeferenced, broad extent mapped biological and geological data, improved earth-sensing technologies, and the dissemination of better approaches for landscape modeling and statistical analysis will continue to strengthen the scienti®c basis for natural resource decisions in the state of Florida.
